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March 7, 1994 Project No.: 923-6112
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United States Environmental Protection Agency (3HW24)
841 Chestnut Building
Philadelphia, PA 19107-4431 i -
Attn: Mr. Frank Klanchar

Remedial Project Manager

RE: RUETGERS-NEASE SITE, STATE COLLEGE PA
ENVIRONMENTAL RISK ASSESSMENT

Gentlemen: .

Further to our recent discussions we enclose a redline draft of the revised Environmental Risk
Assessment. The following changes have been made to address Agency concerns, as agreed at
our meeting on January 14, 1994:

. ' ' \ " . - ' ' . • . ' ' • • ' ' ' '
I 1 1. A significant amount of additional data for Spring Creek has been summarized and
^""^ presented in text, tables and figures:

1 • V

• Historical sediment chemistry data / •'' ,

* Historical fish tissue residue data

• Fish community data

• Benthic macroinvextebrate community data . . , • ' •

Spatial and temporal trends in thesê data are discussed and the results are integrated into
the risk characterization. Additional data from various studies such as the National Study
for Chemical Residues in Fish (USEPA, 1992) have also been included to place the
Spring Creek data in context.

2. Spring Creek biological community data (fish and benthic macroinvertebrates) have been
compared to that of a "reference stream" (Fishing Creek) suggested by PaDER's
Regional Aquatic fciologist.

3. References to the Sediment Toxicity Testing program have been revised to be consistent
with the revised report transmitted to the Agency on January 26, 1994.

' ' '
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USEPA March 7, 1994
Mr. Frank Klanchar -2-, 923-6112

4. The Risk Characterization and Uncertainty sections have been revised and expanded to
integrate all of the additional data and provide as comprehensive an assessment as
possible.

Please call with any comments at your convenience.

Very truly yours,

COLDER ASSOCIATES INC.

f-fP. Stephen Finn, C.Eng.
Associate '•','• ' • • ••- • '_, . ' .'

cc: Tamara koyer, Ruetgers-Nease Corporation
Dan Weltering, ENVIRON Corporation
Judi Durda, Weinberg Consulting Group

- '
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X. ENVIRONMENTAL RISK ASSESSMENT

- • . . , • . , . . . .
A. .Introduction

The objective of this environmental risk assessment is to screen for and characterize
the potential risks to ecological resources from chemical substances associated with the Nease
Chemical Superfund Site in Sjate College, Pennsylvania. For the purposes of this
assessment, the Comprehensive Environmental Response, Compensation, and Liability Act of
1980 (CERCLA) site is defined as the current Ruetgers-Nease Corporation property plus the
off-site drainage areas into which the chemicals of interest may have migrated (the Site).
Previously collected data on the condition of benthic macroinvertebrates and fish in Thornton
Spring and Spring Creek, in addition to toxicity test results of the surface waters and
sediments of Spring Creek were considered in this assessment, along with a screening-level
analysis • of exposure and risk to receptor species based on the results of the Remedial
Investigation (RI) chemical analyses of surface water, sediments, soils and fish tissues. Field
observations describing habitats and fish and wildlife sightings in the area were also factored
into the assessment. :

-v . '• . •' '• ' . -; '. • . " ' ".
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îî ^̂ ^̂ ^̂ m̂ m̂M̂ mlm̂ ^̂ î m̂ŝ m̂î ^̂ Km̂ ^̂ .̂
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aSofthe

RMUl - The approximately 15-acre grassy field located to the southwest of the
developed (fenced in) portion of the Ruetgers-Nease property;

RMU2 - The drainage ditch from the point at which the Ruetgers-Nease ground
water treatment facility effluent is discharged, downstream to the
. confluence of the ditch with Spring Creek (a distance of approximately
2,000 feet). For the risk characterization, RMU2 is further divided
into the drainage ditch on Ruetgers-Nease property (RMU2A) and the
drainage ditch beyond the property to the point where it enters Spring
Creek (RMU2B).

RMU3 - Thornton Spring from the point at which it emerges from the ground to
its confluence with Spring Creek (a distance of approximately 200
feet);

• -J
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RMU4 - Spring Creek and its riparian zone in the vicinity of the Pike Street
Bridge in Lemont (upstream of both the drainage ditch and Thornton
Spring confluences);

RMU5 - Spring Creek and its riparian zone in the vicinity of Houserville Park
1 (downstream of both the drainage ditch and Thornton Spring
confluences); and

RMU6 - Spring Creek and its riparian zone in the vicinity of the Pennsylvania
Fish Commission Research Station and Hatchery at Benner Spring
(further downstream from RMU5).

* ' ' . ' - • ' '
These RMUs were identified for sampling and analysis based upon their

geographic locations relative to potential surface and subsurface sources of chemicals
associated with the facility. All RMUs, except RMU4, are in the-potential migration
pathway for chemicals originating from the facility. RMU4 is upstream from the -
sources and therefore it serves as a "background area" for Spring Creek.

itt*̂ ;**̂ £̂ M&B:̂ ^

;*x*̂
mms®ms®ftmmi®3mi&!8̂ ^
ftiffiftWSKM̂ ^̂

i|iĵfc£î:;;;̂*y2̂

Ecological impacts are assessed separately for each RMU as a way to
distinguish differences associated with habitats, exposure levels in soil, sediment
and/or water, and distance from the source(s) of chemical input.

-3-
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This environmental risk assessment is divided into seven sections as follows:

Section A - Introduction

Section C - Selection of Chemicals for Evaluation
Section D - Exposure Characterization
Section E - Toxicity Thresholds for Mirex and Kepone
Section F - Risk Characterization
Section G - Uncertainties in the Analysis

This section presents a summary of the analytical and bioassay data and the ecological
resource information to be used in the risk assessment. Both RI and historical data are
presented.

1. Chemistry Data: Remedial Investigation
SMC Environmental Services Group (SMC) conducted a site characterization

on behalf of Ruetgers-Nease Corporation as part of the Remedial Investigation (RI).
The design and implementation of these investigative studies have been approved by
USEPA Region TH. This work forms the basis for evaluating potential exposures to
site-derived substances.

a) RMU-Specific Media Sampling and Chemical Analyses
The ecological exposure pathways are identified and the potential risks

are assessed for each of the six RMUs. The sampling locations and sampling
media are detailed below for each of the RMUs.

-6-
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Surface soil was sampled at RMU1 and analyzed for kepone, mirex,
, and volatile organics (VOCs). Surface water and sediments were sampled
V_s from RMU2 - RMU6 and analyzed for kepone, mirex, and VOCs. Fish

tissues were sampled from upper and lower trophic level fish taken at RMU4 -
RMU6. These samples were analyzed for mirex and kepone. Figure 2
identifies the approximate locations of surface water, sediment, and soil

. ' • '. samples for each RMU.

A 'brief summary follows.

1) RMU1
Surface soil samples were collected from the Ruetgers-Nease property

outside of the fenced area, specifically in the area where the spray field was
previously located (samples SS1, SS2, SS3).

2) RMU2A
Surface water and/or sediments were collected from the drainage ditch

which is further west and down-gradient from the west corner of the
Ruetgers-Nease ground water treatment building (SW5, SW5-2/SW11 [a
duplicate], SW7, SW10 and SED5, SED5-2/SED11 [a duplicate], SED7,
SED10, and SS4). All .of these sample locations are on Ruetgers-Nease
"property.

3) RMU2B
Surface water and/or sediment was also collected from the drainage

ditch downgradient from the Ruetgers-Nease property, along Route 26, and
just prior to its confluence with Spring Creek (SW8 and SED8, SED9, and
SW6 and SED6, respectively).

fl.fi307639
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sê linetita; CTable 62);

4) RMU3
Surface water and sediment were collected from Thornton Spring

immediately upstream from the culvert at Pike Street and prior to its
confluence with Spring Creek (SW4 and SED4).

9 RMU4
Surface water (SW3) and sediment (SED3) were collected from Spring

Creek approximately 1,000 feet upstream from the confluence of Thornton
spring.

Samples of fish tissue from a lower trophic level fish, the slimy sculpin
(Coitus cognants), were collected from Spring Creek at the Pike Street bridge
in Lemont (F1L); again, upstream of the confluence of Thornton Spring. Fish
tissues from a higher trophic level fish, the brown trout (Sal/no trittta), were
also collected from this upstream location (F1U).

6) RMUS
Surface water (SW2) and sediment (SED2) were collected from Spring

Creek in the area of Houserville Park (SW2). ̂^̂ ^̂ ^̂ î̂ gin̂
'BBS slimy sculpin (F2L)
and brown trout (F2U) fish tissue were taken from Spring Creek at Houserville
Park, fllflfllll̂

7) RMU6
A surface water sample (SW1) and a sediment sample (SEDl) were

collected from Spring Creek at the Benner Spring Fish Hatchery. Total VOCs

Sumy sculpin (F3L) and brown trout (F3U) fish

-8-



tissues were collected from this downstream location. Fish sampling results
\ ; are reported in Table 62.•
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Table 54
Summary of Historical Fish Tissue
Sampling Efforts in Spring Creek

STUDY

PaDER/Pennsylvania Fish
Commission (PFC). 1978

PaDER. 1979

USEPA-National
Enforcement Investigations
Center (NEIC). 1979

Center for Bio-Organic
Studies (CBOS). 1979

Center for Bio-Organic
Studies (CBOS). 1980
PaDER. 1980

PaDER. 1982

PaDER. 1985, 1986, 1987.

SAMPLE DATE(S)

August 30-31, 1976

November 20-21, 1978

January 1978 and
November 1978

July 9-10, 1979

July 9- 10, 1979

July 1979

September 30, 1982

May 1976 - October
1986

NUMBER OF
SAMPLE

LOCATIONS

9 (a)

6

2

8(b)

1

8

2

8

FISH SPECIES

Brown trout
White sucker

Brown trout
White sucker

Brown trout

Brown trout
White sucker

Brown trout
White sucker

Brown trout

Brown trout
Catfish
Slimy sculpin
White sucker

Brown trout
Catfish
Slimy sculpin
White sucker

(a) One of the nine sampling locations was a control station located at the Spring Creek Hatchery.
(b) Data was reported for only three of the eight sampling stations in the study.
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*) Water Bioassays
Bioassays were conducted on samples of three water sources that enter Spring

Creek in the vicinity of the Ruetgers-Nease facility: (1) Thornton Spring just
upstream of its confluence with Spring Creek; (2) ground water treatment effluent
from the Ruetgers-Nease facility; and (3) the drainage ditch (which receives water
from the ground water treatment facility and from nonpoint source discharges and
runoff along its 2,000-foot length) just upstream of its confluence with Spring Creek.
Testing was also conducted on water collected from Spring Creek, upstream from the
confluences of Thornton Spring and the drainage ditch. Acute and short-term (7-day)
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chronic toxicity tests following USEPA protocols were conducted using standard
freshwater species. A full report of the study is included as Appendix G of the RI
Report.
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b) Sediment Toxicity Bioassays
Bioassays were conducted using Chironomus teutons (midge) and

Hyalella azteca (amphipod) and three sediment samples collected from Spring
Creek. The samples were collected: 1) at a point upstream from the
confluence of Thornton Spring in the same area as the previous SW3/SED3
sampling for chemical analysis (designated SC-BACKGRD); 2) immediately
downstream from the confluence of Thornton Spring (designated SC-TS); and
3) adjacent to Houserville Park which is in the same area as the previous
SW2/SED2 sampling (designated SC-Park). The midge and amphipods were
exposed to the three sediments for 14 days; amphipods and midge survival and
midge growth were assessed.

::::x:,*::&x:xW:W:-̂  x-:-- :.̂ •̂;:::̂:.::;;•̂o:;.*/:̂v.•x:x::;:v:;:v.;v;̂ ;̂ ^̂v;v:-;•.•*:•x•:•l•:•:•;̂.s?x•: x :•:•:• •;:;;;:;.:.:
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^̂ 9̂̂ ^̂ Ĥ̂ ŴÎ ^̂ Ĥ ^̂ ^̂ ^̂ %
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4. Ecological Resource Characterization Data
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In an effort to develop an accurate listing of terrestrial fauna in the area,
representatives from PADER, the Pennsylvania State University, and the Pennsylvania
Game Commission were consulted (Appendix H). No data on the diversity of
terrestrial fauna were available from the sources contacted; however, detailed
information on areas within Centre County that are considered key to the maintenance
of biological diversity and ecological integrity was prepared by the Western
Pennsylvania Conservancy (Appendix I; see pp. 143-151, State College quadrangle).

a) General Habitat Characteristics
The Site and study area lie within the Spring Creek basin in

south-central Centre County, Pennsylvania, and within the Appalachian
Mountain Section of the Valley and Ridge Physiographic Province (PADER
1990). The region is characterized by a series of long, high ridges and broad
valleys primarily composed of limestone and dolomite with relatively minor
shale and sandstone formations. Soil associations hi the region were formed in
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residual and colluvial material weathered from these formations. Because of
the fractured carbonate geology of the area, open solution channels and
sinkholes are relatively common in the region.

The Spring Creek basin drains approximately 144 square miles of rural
land before flowing into Bald Eagle Creek at Milesburg. The average channel
slope for Spring Creek is 22.1 feet per mile and the creek is approximately 25
miles long (PADER 1990). The watershed has a maximum elevation of 2,410
feet above mean sea level at the Little Flat lookout tower on Tussey Mountain
and a minimum elevation of 690 feet at the mouth. Ground water-surface
water connections are common and some of the emerging springs support very
large flows (i.e., up to 8,000 gpm) (PADER 1989). Expansive wetlands are
not common in the region, although several small wetlands, less than 5 acres
in size, are found in association with drainageways (riparian wetlands) or as
isolated depressions.

Open space and agriculture dominate the Spring Creek basin and much
of the open space is contained within publicly owned lands. However,
residential, commercial, and light industrial land uses have increased greatly in
the past decade, particularly near the borough of State College. Limestone
and dolomite mining is another significant land use activity within the
watershed (PADER 1990), and the infrastructure of roadways and municipal
waste water treatment plants needed to support these land uses has grown
proportionally. In light of advancing development, county and regional
planning commissions have been working with the Pennsylvania Department of
Transportation and other state agencies to minimize development impacts to
the Spring Creek basin.

White pine and hemlock climax forests dominated the Spring Creek
basin prior to 1900 but were lost to timbering, farming, fire, and the chestnut
blight (PADER 1990). Today, second growth stands of oak and various other
hardwoods dominate the higher elevations, while evergreens and rhododendron
grow along the streambanks and in the valleys.
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1) RMUl
RMU1 is an approximately 15-acre grassy, upland field that is

maintained by periodic mowing. This area is bordered by fenced
portions of the Ruetgers-Nease facility and Struble Road to the
northeast, First Avenue to the southeast, a forested swale to the
southwest, and the drainage ditch and concrete-lined pond to the
northwest. Private residences are found along the south side of First
Avenue and open meadows are common adjacent to these homes and
upgradient from the facility. Wetlands are not found at RMUl. Based
on the open field habitat, terrestrial animals believed to be present at
RMUl would include terrestrial invertebrates (e.g., earthworm),
snakes, fieldbirds (e.g., red-winged blackbird), small mammals (e.g.,
shrews, voles, and moles), and possibly raptors (e.g., red-tailed hawk).

2) RJMU2
RMU2A covers the area of the drainage ditch on the facility.

RMU2B covers the off-site drainage ditch as it leaves the facility
property, parallels the access roadway southwest of the facility, runs
along Pennsylvania Route 26 (a light industry area), to its confluence
with Spring Creek. This total distance is approximately 2,000 feet.
This ditch, part of which runs adjacent to the Conrail railroad tracks on
the facility, is characterized as an intermittent drainageway with
minimal bankside vegetation.

Sediments in on-site portions of the ditch are sands and silts,
while the ditch in the downstream section adjacent to Route 26 is
alternately composed of unconsolidated cobble, sand, and exposed
bedrock. Flow hi the drainage ditch is dependent primarily upon the
discharge from the Ruetgers-Nease ground water treatment facility. On
and off site, the flow is dependent upon storm water runoff. The ditch
sediment was saturated at the tune of the field inspection, but there was
no flowing water.
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Organisms that spend significant amounts of time in or on the
ditch sediments likely include earthworms, snails, and midge larvae.
Green frogs and red-winged blackbirds were observed along the banks
of the ditch. Judging by the tracks in the ditch sediments, raccoons are
present in RMU2.

3) RMU3
RMU3, Thornton Spring, is a perennial first-order stream that

originates from a ground water seep at the southern end of Nittany
Mountain. Thornton Spring flows approximately 200 feet past a private
residence before emptying into Spring Creek through a culvert under
Pike Street just south of Pennsylvania Route 26. The streambed of
Thornton Spring is 2-4 feet wide and is comprised of unconsolidated
sand, gravel, and cobble, and it contains relatively little organic carbon.
Flow rate in Thornton Spring varies substantially with rainfall, but is
estimated to be approximately 0.75 cfs under normal conditions. This
flow rate estimate represents approximately one percent of the flow rate
of Spring Creek at its confluence with Thornton Spring. Land
immediately adjacent to Thornton Spring contains a hardwood forest
(i.e., maple, oak, walnut, ash, and cherry), a few shrubs (i.e.,
raspberry and forsythia), and a residential lawn that borders the stream
before it enters the Pike Street culvert and empties into Spring Creek.

Midge larvae, earthworms, and crayfish were found in the
stream sediments. Small mammals, amphibians, and reptiles typically
found in association with this type of forested stream, but which were
not observed at RMU3, include the white-footed mouse, opossum,
raccoon, woodpeckers, frogs, salamander, and garter snake.

4) RMU4
RMU4 includes Spring Creek and its riparian zone in the

vicinity of the Pike Street Bridge. This location is approximately 0.75
miles upstream from Thornton Spring. Spring Creek is a third-order
cold water stream with a riparian zone that is alternately forested and
maintained as residential lawns. The canopy over the creek covers 30-
40 percent of the stream. Sediments are composed primarily of sand,
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gravel, cobble, and a substantial amount of paniculate organic matter
(i.e., leaf packs and woody debris) is also present. At the Pike Street
Bridge, the flow rate under normal hydrologic conditions is estimated
to range from 50 to 80 cfs.

Spring Creek hi the vicinity of RMU4 has a rich benthic
macroinvertebrate community consisting primarily of aquatic insects.
Together with amphibians and reptiles commonly found along the
stream bank (i.e., green frog, painted turtle, and water snake), stream
invertebrates support a relatively large forage and game fish population.
Appendix J provides a listing of aquatic invertebrates and fish species
found in Spring Creek. Muskrats, raccoons, dippers, mallards, great
blue heron and several songbird species (i.e., cedar waxwing and
warbler) were also noted during the RI survey.

5) RMUS
RMUS includes a section of Spring Creek that flows adjacent to

Houserville Park, approximately 1 mile downstream from the
confluence of Thornton Spring and below the confluence of the
drainage ditch near Pennsylvania Route 26. This stream segment is
physically similar to RMU4 but, on a qualitative level, fine sediments
(especially sands) seem to make up a greater percentage of the
substrate. Additionally, the extent of mature riparian vegetation at the
Houserville Park location is considerably less than that upstream, thus
shading is reduced. Houserville Park is a maintained recreational area
with ballfields that extend all the way to the east bank of Spring Creek.
Land adjacent to the west bank of Spring Creek (opposite Houserville
Park) was under development at the time of the field inspection. In this
open space, a new roadway was cut and earth moving and other
preparations for building were occurring. An operating livestock farm
is located immediately downstream from Houserville Park. Livestock
are restricted from access to Spring Creek by fencing.

With the exception of Canada geese, which were observed at
Houserville Park, biota are the same as these described for RMU4 (see
Appendix J for aquatic invertebrate and fish species found in Spring
Creek).
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6) RMU6
Spring Creek in the vicinity of the Benner Spring Fish Hatchery

is an approximately fourth-order stream segment located about 4 miles
downstream from RMUS. The stream at this point is formed hi
conjunction with Slab Cabin Run (confluence above RMU6), which
also carries waste water discharges from the Pennsylvania State
University municipal waste water treatment plant. Spring Creek is
wider and deeper at RMU6 than upstream; flow rate is estimated at 80
to 120 cfs, substrates are dominated by cobbles (riffles) and sand/silt
(pools), and macrophytes are sparsely distributed. Various shrubs,
vines, and wildflowers are common along the edge of the creek, and
most of the riparian area is forested with mixed deciduous and
coniferous trees. Additionally, the streambed is contained within a
distinct valley at RMU6 and there are very few wetland habitats
adjacent to the stream.

Biota at RMU6 are similar to those species identified at RMU4
and RMUS (see Appendix J for aquatic invertebrate and fish species
found in Spring Creek).

c) Species of Special Concern
For the Spring Creek watershed upstream from Bellefonte (this includes

the entire Site), there are 36 plants and animals listed as "Species of Special
Concern" by the Pennsylvania Natural Diversity Inventory (PNDI) (PADER
1991). The PNDI listing is inclusive of all federally listed rare, threatened, or
endangered species. Of the 36 species of special concern, 4 terrestrial plants
are confirmed to be present within 5 miles of State College (PADER 1991).
These include Geyer's Sedge (Carex geveri, endangered), lupine (Lupinus
perennis, rare), low serviceberry (Amelanchier humilis, tentatively
undetermined), and gay-feather (Liatris scariosa vamieuwlandii, tentatively
undetermined). No animal species of special concern were identified by PNDI
as residing within 5 miles of State College, which includes the entire Site.
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Ĥ

O O SO
00 i— I Ocn cn oo

§1-1 OO
00 OOON ON ON

§
1sl

00 OJON "̂

U S
& <

Q.

r-H

1 §

•f !

S
N" ''

r* 00

s
cn

»n TD

Z
O
OS

8
o

oo
<N

&R3Q767



H

1
I"EL
eo
"2
1

u
g?•c

^ r2-va c/3
U .S
pa <C
H g

eo••s3o.
£hM
XI

fc
•oi•3•c

8

•8

1 1
«i
$E

1 £
^- 2
O cu
fe §

IEz

B gctt *3
« &
5 §
,•* gj
"" H

&*

£
'S
> •*•> U

s "3 3
,XJ Ĵ 25
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-45-

AR307677



C. Selection of Chemicals for Evaluation
Based on the RI characterization analytical data, past operations at the facility, and the

availability of environmental persistence and ecotoxicological effects data for chemical
substances that were detected, the Site-related chemicals of concern are limited to mirex and
kepone. These were the only two chemicals which were detected hi all of the media sampled
including soils, sediment, surface water, and fish. Their environmental fate and lexicological
profiles are presented below.

p̂
XvXwXWoX'X';1:1;1;':1. i-xv;-.-:-: •:•:•: x-XvXii-i-x-.-i-x-x-x-X'-; :•;•;': ; i-W'X'i'X'X't'X'X'ffl-x-: XvX-;-x-;*,-;-;-:-x-Xv.','X -,•;-.•:•:•:•.•;•,•:• 'X'>X';',' -,«•,•. .-,•,• ',',W'i-x- ••-.• ; !•;•:•;• •:•:•;•;•: ;•:::, ;•_•' . . ' ' . . .

Twenty-seven volatile organics (VOCs) were detected in either surface water,
sediment and/or surface soil samples ̂̂ |̂̂̂ ||̂ii|̂|||. These chemicals are
considerably less persistent than mirex and kepone in any environmental matrix. To the
extent that data exist, VOCs have been shown to degrade in both water and soil systems, and
they are not expected to bioaccumulate to any significant degree. Some of the VOCs have
been shown to be toxic to sensitive aquatic species; however, ecotoxicological data and
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thresholds are not available for many of the 27 chemicals detected at the Site. Although
there may be some toxicity associated with VOCs in the drainage ditch and Thornton Spring,
and this may explain the toxicity to fish and daphnids observed in the laboratory aquatic
toxicity tests, those same tests indicate that there would not be any toxic effect once these
sources are diluted as they enter Spring Creek.

The only VOCs detected in Spring Creek were toluene and 1,1,2,2-tetrachlorethane in
the water, and acetone, 2-butanone, and toluene in sediments. The maximum measured
concentrations of toluene and 1,1,2,2 tetrachlorethane in Spring Creek water were 1 and 3
jwg/L, respectively (Appendix O, Table O-8). These levels are not of ecological concern
given their lowest observed effect levels (LOELs) are 17.5 mg/L (aquatic acute) and 2.4
mg/L (aquatic chronic), respectively (U.S.EPA 1986d). The maximum measured
concentrations of acetone, 2-butanone and toluene in Spring Creek sediments were 110, 3,
and 9 /ig/kg, respectively (Appendix O, Table O-8). These levels are not of ecological
concern based on estimated sediment toxicity threshold levels derived using equilibrium
partitioning equations in the U.S.EPA Interim Sediment Criteria Document (1988c). The
estimated sediment thresholds are greater than 1 ,000 jttg/kg for acetone and toluene and
greater than 500 ji*g/kg for 2-butanone. The VOCs were not assessed further for ecological
risks as part of this assessment.

1. Mirex

a) Properties and Status
Empirical formula: C10 C112
Molecular weight: 545.5
Water solubility: 1 ppb (freshwater)
Henry's Law constant: 5.16 x 10"4 atm-m3/mol
Log K̂ : 6.89 (Veith et al 1979)

2.4 x 107 (HSDB 1992)

Mirex (perchloropentacyclodecane) has been used extensively in
pesticidal formulations to control the imported fire ant and as a flame retardant
in electronic components, plastics, and fabrics. In 1978, USEPA banned the
use of mirex as a pesticide, partly because of the hazards it imposed on non-
target biota. These hazards included delayed mortality in aquatic and
terrestrial fauna, adverse effects on reproduction, early growth, and
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development, plus high bioaccumulation and biomagnification in the foodchain
(Eisler 1985). ̂!̂ ^̂ ^̂ 9̂PfiBm̂ K̂ l|î |̂î |̂ tt
|||||pf|̂

IPIIÎ ^

b) Fate
Mirex is a very stable and persistent organochlorine compound, being

resistant to chemical, photolytic, microbial, and thermal degradation. There is
evidence, however, for some degradation to monohydro- (photomirex) and
dihydro-derivatives, which have biological activities similar to mirex (Eisler
1985). Mirex adsorbs very little UV light in the environmentally relevant
range of > 290 nm. A photodegradation experiment conducted in pure water
for 6 months showed a half-life (i.e., time required for half of the starting
material to be lost) of about 1 year (Smith 1978).

Mirex has low solubility in water, not exceeding 1 ppb in freshwater
and 0.2 ppb in seawater. It is highly soluble in fat and accumulates in fatty
tissue (log K,̂  of 6.89). Mirex is rapidly adsorbed onto various organic
particles in the water column, including algae, and eventually is removed to
the sediments. With its relatively high K̂  value of 2.4 x 107, mirex will
strongly adsorb to organic materials in soil and will be immobile except for
movement via erosion to surface waters (Smith 1978). Mirex is persistent in
terrestrial and aquatic soils/sediments. Degradation half-life estimates range to
10 years or more. In biological systems, the elimination half-lives range from
30 days in quail to 130 days in fish, and to more than 10 months in rats
(Eisler 1985). The low Henry's Law constant (5.16 x lO4 atm-m3/raol)
suggests that mirex is unlikely to volatilize rapidly from soil or surface water.

c) Predicted Bioaccumulation
Mirex bioaccumulates in aquatic organisms, with bioconcentration

factors (BCFs) in the thousands for algae and aquatic invertebrates, and up to
tens of thousands or more for fish. A log BCF of 7 was calculated for mirex
in Lake Ontario rainbow trout (Oliver and Niimi 1985). Bioaccumulation
factors (BAFs) for birds and mammals exposed to mirex in the foodchain are
generally less than 50 (Eisler 1985). The highest levels of mirex in exposed
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organisms are present in fat and in eggs which are high in lipids. [NOTE:
BCF applies to aquatic or terrestrial organisms and is based on total chemical
uptake from all relevant exposure pathways, but particularly via food.]

No data were available for bioaccumulation in invertebrates exposed to
mirex in soils or sediments. Therefore, in this assessment, it is necessary to
estimate accumulation using a model.

Based on general fugacity concepts, Connell and Markwell (1990) have
suggested that bioaccumulation of organic compounds in invertebrates can best
be described as a three compartment model involving the sediment/soil,
interstitial water, and the biota, in which the partitioning to organisms from
water (BAFW) divided by the partitioning from water to soil/sediment (K̂
approximates the bioaccumulation from soil/sediment to invertebrate.
Partitioning of organic compounds between water and sediment/soil is a
function of the compound's affinity for soil/sediment organic carbon (usually
expressed as the K̂  partition coefficient) and the amount of organic carbon in
the sediment/soil (expressed as % carbon). Partitioning of organic compounds
from water to organisms (actually organism lipid) is a non-linear function of
the affinity of a compound for organic material relative to water (usually
expressed as the octanol: water partition coefficient or K<,w) and the lipid content
of the organism (expressed as % lipid).

Connell and Markwell's equation describing the bioaccumulation of a
compound from soil/sediment to invertebrate (BAFs) is as follows:

BAF, = BAR, = (% npid)(K...V
K, (% Carbon)KJ

where: a is the non-linearity constant for bioaccumulation from water.

This fugacity equation yields a soil-to-earthworm BAF for mirex of 0.51 using
the following values:

(1) K.. 7,762,471 from log K,. of 6.89;

(2) K̂  of 24,000,000;
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(3) typical earthworm lipid content of 0.85 percent (Rao and
Davidson 1980);

(4) assumed Site-area soil organic carbon of 5 percent (Manahan
1991); and

(5) a non-linearity constant (a) for organochlorine compound
accumulation from water to earthworms of 1.14 (Lord et al.
1980).

This 0.51 BAF value is similar to the measured average BAF (0.56) for
earthworms exposed to soils containing the similarly organophilic compound
TCDD (log Kow 6.9) at soil concentrations ranging from 500 to 5,000 /xg/kg
(Reinecke and Nash 1984).

The same fugacity equation yields a sediment/to/benthic macroinvertebrate
BAF for mirex of 6.95 using the following values:

(1) log K.w of 6.89 (K,w 7,762,471);

(2) K,c of 24,000,000:

(3) average invertebrate bisect lipid content of 15 percent (Hanson
et al. 1985);

(4) measured sediment organic carbon of 4 percent; and

(5) a non-linearity constant (a) for organochlorine compound
accumulation from water to aquatic invertebrates of 1.11
(Markwell et al. 1989).

This 6.95 BAF value for benthic macroinvertebrates is comparable to the
measured BAFs for chironomid midge larvae exposed to the structurally
similar compound kepone (BAF between 3 and 20 for sediments with 12.3 and
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1.5% organic carbon, respectively) in a flow-through laboratory system
(Adams 1987).

d) Toxicity (Nonhuman)
In short-term (LCso) studies, aquatic organisms are relatively resistant to

mirex toxicity. Delayed mortality, however, has been observed in aquatic
species after extended periods of exposure in water (Eisler 1985). This
delayed toxicity presumably results from the time required for mirex to
accumulate to toxic levels. Delayed mortality was observed for freshwater and
estuarine crustaceans (i.e., crayfish and shrimp) after exposures as low as
0.0001 mg/L in the water (USEPA 1986d). [Note, however, that crayfish
were observed in Thornton Spring which had an RME concentration of 0.0005
mg/L in the water.] The maximum acceptable toxicant concentration (MATC)
determined for sublethal effects is less than 0.0024 mg/L for amphipods based
on growth inhibition, less than 0.005 mg/L for bluegills based on growth, and
0.034 mg/L for fathead minnows based on impaired reproduction and
emergence, respectively. Other sublethal effects have been observed for algae,
invertebrates, and fish species (USEPA 1986d). There are no reported studies
that relate toxicity in aquatic species to levels of mirex in their food or in their
own tissues as a result of bioaccumuktion.

Birds appear comparatively resistant to mirex. Eisler (1985) concludes
hi his review that "most investigators agree that comparatively high dietary
concentrations of mirex had little effect on growth, survival, reproduction and
behavior of nonraptors, including chickens, mallards, quail and red-winged
blackbirds." In birds, mortality has generally been reported following
repeated exposures at high dietary concentrations (Eisler 1985). For example,
27 percent of mallard ducks died when exposed to 100 mg/kg mirex in the diet
for 25 weeks, 50 percent of ring-necked pheasants died when exposed to 1,500
mg/kg in the diet for 5 days, and 20 percent of Japanese quail died in 5 days
when exposed to 5,000 mg/kg mirex in the diet. Some, but not all,
investigators have reported reductions in egg hatchability and chick survival
following mirex exposure. A summary of repeat-dose toxicity studies of mirex
in birds is presented hi Appendix K.

In studies of mammalian species, mirex has been shown to cause
decreased weight gain, liver effects, reproductive impairment, and, at
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sufficiently high dose levels, mortality. Reported findings from repeat-dose
toxicity studies in mammals are summarized in Appendix L.

2. Kepone

a) Properties and Status
Empirical formula: C10C110O
Molecular weight: 490.6
Water solubility: 2,000-3,000 ppb (Sax 1984)
Henry's Law constant: 2.50 x 10"8 atm-m3/mol (Howard 1991)
Log K̂ : 4.50 (Howard 1991)
K̂ : 2.4 - 2.6 x 103 (HSDB 1992)
Kw: 5 x 103 (estimated) (Strobel et al. 1981)

Kepone (chlordecone) has been used primarily as an insecticide bait,
especially in ant and cockroach traps. It has also been used effectively against
leaf-cutting insects, as a fly larvicide, and as a fungicide against apple scab
and powdery mildew. Other insecticide uses include control of the Colorado
potato beetle, rust mite on non-bearing citrus trees, and potato and tobacco
wireworm on gladioli and other plants (WHO 1984). Kepone is also the base
material in the manufacture of another insecticide, Kevelan. In 1976, USEPA
banned the use of kepone because of its potential for bioaccumulation in
aquatic foodchains and its adverse effects on aquatic and terrestrial organisms
(WHO 1990) .̂ B̂BM̂ Ĥ ^̂ ^̂ 9̂SBHSi
l|||p|̂̂

b) Fate
Kepone is not a naturally occurring substance; therefore, its release to

the environment will be a result of its manufacture and use as an insecticide
and as a degradation product of mirex. Like mirex, kepone is an
environmentally persistent compound. Because of its relatively low water
solubility and low vapor pressure, the most likely fate for kepone is either
transport or storage in soil, sediment, or biological media.
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If kepone is released to soil, it will be expected to adsorb to soils,
however, some leaching to ground water may occur, especially in sandy soils
and soils with low organic matter contents. Kepone's K̂ , value of 2.4 - 2.6 x
103 indicates that kepone will be only slightly mobile in soil (Howard 1991).
Biodegradation and hydrolysis are not expected to be important fate processes
for kepone in soil (HSDB 1992).

Since kepone has relatively low water solubility (2,000-3,000 ppb), it is
not expected that direct transport in solution will be a major distribution
pathway. However, kepone released to water is expected to adsorb to
sediments (log K̂  of 4.5). Strobel et al. (1981) evaluated the sediment/water
partition coefficient (K,w) for kepone through field studies of the James River
Estuary in Virginia. The Ksw was established to be 5 x 103, which means that
there is a 5,000 to 1 partitioning of kepone in sediments versus kepone in
solution. Sediments represent the major reservoir and sink for kepone in the
aquatic environment. Kepone is not expected to hydrolyze, biodegrade, or
evaporate from water. A half-life of 3.8 to 46 years has been predicted for
evaporation from a river one meter deep, flowing at 1 meter per second with a
wind velocity of 3 meters per second (HSDB 1992). No data were available
concerning the photodegradation of kepone irradiated at environmentally
significant wavelengths, but no significant photodegradation in water is
expected (HSDB 1992).

The transport of kepone in the atmosphere is not expected to be
significant. Because of its low vapor pressure (<3 x 10"7 mm Hg at 25°C),
kepone will not readily volatilize in the atmosphere. It is also not expected to
directly photodegrade or react with photochemically produced hydroxyl
radicals or ozone (HSDB 1992).

c) Predicted Bioaccumulation
Bioaccumulation of kepone occurs in aquatic and terrestrial organisms.

The fate of kepone in biological systems dqnends on the organism involved
and the route of exposure. The predominant exposure pathway for organisms
in the foodchain system is the aquatic sediment pathway. Kepone tends to
accumulate through the foodchain; however, it is eliminated more rapidly and
does not partition to the same degree in fat tissue compared to most other
polychlorinated xenobiotics.
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BCFs for kepone are in the hundreds for algae (Chlorococcum 800x;
Nitzschia 410x; Thalassisiva 520x), and well over 1,000 for some invertebrates
(grass shrimp 698-13,473) and fish species (fathead minnow 1,100-51,300;
bluegill 122-1,821; channel catfish 288-1,163) (HSDB 1992; Roberts and
Bendl 1982; Huckins et al. 1982; USEPA 1978; Bahner et al. 1977). Because
kepone readily partitions into fish tissue, there is some concern that small
mammals and birds that consume fish will also accumulate kepone to toxic
levels.

jData on the bioaccumulation of kepone by sediment dwelling
invertebrates are available. Adams (1987) reported sediment BAFs of 3 to 20
for chironomid midge larvae under flow-through conditions in sediments of
12.3 and 1.5 percent organic carbon, respectively. These two points allow the
establishment of an estimated relationship between bioaccumulation and
sediment organic carbon:

BAF^ = -1.4 (% organic carbon) + 22.1 r

Applying this function to the 4 percent measured organic carbon
content for Site-related sediments (i.e, Spring Creek) yields an estimated
aquatic invertebrate sediment BAF of 16.5.

No data were available on the bioaccumulation potential of kepone in
terrestrial invertebrates. The Connell and Markwell equation describing the
bioaccumulation of a compound from soil/sediment to invertebrate (BAF,) was
applied as follows:

BAF. »^ BAF- « V* '"
K, \ (% Carbon)KJ
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where: a is the non-linearity constant for bioaccumulation from water.

This fugacity equation yields a soil-to-earthworm BAF for kepone of
8.82 using the following values:

(1) K« 31,623 from log K.w of 4.50;

(2) K,, of 2,600;

(3) typical earthworm lipid content of 0.85 percent (Rao and
Davidson 1980);

(4) assumed Site-area soil organic carbon of 5 percent (Manahan
1991); and

(5) a non-linearity constant (a) for organochlorine compound
accumulation from water to earthworms of 1.14 (Lord et al.
1980).

d) Toxicity (Nonhuman)
Acute toxicity values (96-hour LC50s) are reported for several fish

species including channel catfish (0.225 mg/L), bluegill (0.072 mg/L), redear
sunfish (0.044 mg/L), rainbow trout (0.030 mg/L), and unspecified trout
(0.020 mg/L) (HSDB 1992). The toxic effects of kepone in fish suggest a
neurological action characterized in the early stages by lethargy and loss of
equilibrium (Schimmel and Wilson 1977). Severe lexicological effects can
include continued equilibrium loss, sporadic hyperkinesis, scoliosis,
development of black patches on the skin, tetanic convulsions and death
(Couch et al. 1977; Roberts and Bendl 1982; Schimmel and Wilson 1977;
Buckler et al. 1981). Kepone is also acutely toxic to daphnia (EC50 = 0.260
mg/L) in 7-day static bioassays. Toxic effects of kepone observed in aquatic
invertebrates include reductions in growth, lethargic behavior, equilibrium
loss, and death (USEPA 1978).

Little data on the chronic toxicity of kepone to freshwater organisms
are available. Buckler et al. (1981) report a chronic no-observed-effect-
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concentration (NOEC) of 0.31 /xg/L for growth, survival, number of spawns,
and egg production for the fathead minnow (Pimephales promelas). The
authors also reported a chronic lowest-observed-effect-concentration (LOEC)
of 3.1 /ig/L for reduced fathead minnow fry survival. There are no reported
studies that relate toxicity to aquatic species to levels of kepone in their food
or in their own tissues as a result of bioaccumulation.

Some information is available on the toxicity of kepone in terrestrial
invertebrates (i.e., honeybees and predaceous bisects), but kepone is not
particularly toxic to these organisms. Information is not available on kepone
toxicity in amphibians and reptiles.

Kepone does not appear to be very acutely toxic to birds. This is
evident in the LD50 values for mallard ducks (>2,400 mg/kg), bobwhite quail
(530 mg/kg), ring-necked pheasant (600 mg/kg, adult; 115 mg/kg, young), and
Japanese quail (237 mg/kg) (HSDB 1992; USEPA 1978). However, there
appears to be a potential for reproductive effects occurring hi birds.
Eroschenko and Wilson (1975) conducted a histological comparison study of
reproductive organs, livers, and adrenal glands from immature and adult
Japanese quail of both sexes fed 200 ppm kepone under two photoperiod
regimes. Kepone exposure at this level had an estrogenic effect on the
oviducts of immature females and on the testes of immature and mature males.
Increased cellular proliferation, cytodifferentiation and tubular gland formation
in the oviducts of exposed immature birds were observed. Kepone-treated
birds exhibited hypertrophy of adrenal cortical and medullary cells. Exposed
immature and adult male birds exhibited distended seminiferous tubules
containing watery fluid.

Dewitt et al. (1962) reported reproductive effects in male ring-necked
pheasants. The birds were exposed to kepone at doses of 50, 100, or 150 ppm
in the diet. Birds at all dose groups exhibited the formation of female
plumage, abnormal testes, malformed sperm, and elevated levels of
reproductive failure. The LOEC for this study was determined to be 50 ppm
kepone hi the diet. No NOEC could be determined from this study

Naber and Ware (1965) reported that the addition of 75 or 100 ppm of
kepone to the diets of female chickens resulted in significant reduction in egg
production. The apparent hatchability of eggs was unaffected, but reduced
embryonic survival was observed at a dietary concentration of 100 ppm
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kepone. Survival of chicks 14 to 20 days post-hatch was also reduced, with 0
and 56 percent survival of chicks from hens fed 100 or 75 ppm kepone,
respectively. The LOEC for this study has been determined to be 75 ppm
kepone in the diet. No NOEC could be determined from this study.

McCall and Eroschenko (1988) exposed sexually mature Japanese quail
to 40, 80, 160, or 200 ppm kepone hi the diet for 60 days. Birds were
sacrificed at 10, 30, and 60 days. There was a dose- and tune-dependent
reduction in germinal epithelium height in all birds following exposure to
kepone. Exposure of quail to higher kepone doses (80, 160, and 200 ppm) for
30 or 60 days did not alter the ultrastructure of spermatogenic and Sertoli cells
in the basal compartments. However, numerous maturing spermatid clumps
located in the adluminal compartments of the germinal epithelium exhibited
increased vacuolation, cytoplasmic degeneration, and desquamation at the three
higher doses. The LOEC in this study is determined to be 80 ppm kepone in
the diet, and the NOEC is determined to be 40 ppm.

Like other organochlorine pesticides, dietary kepone can cause
teratogenic eggshell thinning. Defects were noted hi the cuticle and vertical
crystal layers of the eggshell of Japanese quail fed 225 ppm kepone in the diet
for 21 days (USEPA 1975, as cited in USEPA 1978).

Symptoms of acute exposure in mammals include exaggerated startle
responses, tremors, behavioral modifications, and weight loss (Guzelian 1982;
Egle et al. 1979; Houston et al. 1981; Soine et al. 1982). Oral LD50 values of
95, 65, 250, and 2,550 mg/kg were observed in rats, rabbits, dogs, and pigs,
respectively (HSDB 1992). Studies of the lexicological effects of chronic
exposure to mammal species indicate the potential for neurological, hepatic,
renal, and reproductive toxicity. Reported findings from repeat-dose studies
are summarized in Appendix M.

D. Exposure Characterization

1. Sampling Results
Summaries of measured surface water, sediment, soil, and fish tissue

concentrations of mirex and kepone are presented in Table 62.
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a) RMUl
Surface soil samples collected from the Ruetgers-Nease property

outside of the fenced area, specifically in the area where the spray field was
previously located, indicated mirex concentrations of 32, 97, and 190 jug/kg
for SS1, SS2, and SS3, respectively. Analysis of surface soil from SS1 and
SS2 also identified kepone at 53 and 23 /*g/kg, respectively. Kepone was not
detected hi SS3.

b) RMU2A
Surface water and/or sediments were collected from the drainage ditch

which is further west and down-gradient from the west corner of the
Ruetgers-Nease ground water treatment building (SW5, SW5-2/SW11 [a
duplicate], SW7, SW10 and SED5, SED5-2/SED11 [a duplicate], SED7,
SED10, and SS4). All of these sample locations are on Ruetgers-Nease
property. Measured levels of mirex in surface water were: .045, .457/.500,
not analyzed, and .483 /ug/L, respectively, and in sediments: 6240, 905/1540,
1650, 1050, and 5.9 jug/kg, respectively. Measured levels of kepone in
surface water were: ND (DL =.13), .061/.818, not analyzed, and ND (.13)
/ig/L, respectively, and in sediments: 667, ND/ND (68), ND (68), 58.6, and
51.7 /xg/kg, respectively.

a) RMUl
Surface soil samples collected from the Ruetgers-Nease property

outside of the fenced area, specifically in the area where the spray field was
previously located, indicated mirex concentrations of 32, 97, and 190 /ug/kg
for SS1, SS2, and SS3, respectively. Analysis of surface soil from SS1 and
SS2 also identified kepone at 53 and 23 Mg/kg, respectively. Kepone was not
detected in SS3.
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DRAFT PRjWJXEGED AND CONITDENTIAL
ATTORNEY WORK PRODUCT

TABLE 62
Mirex and Kepone Data Used in Ecological Risk Assessment

Ruetgers-Nease Chemical Site in State College, PA
(data are from the July 7, 1992 Draft RI Report except as noted)

SS1C pg/kg

SS2

SS3

RMUl*

Mirex

32

97

190J

Kepone

53J

23J

ND1

RMU2 (A and B)b

Mirex Kepone

RMU3

Mirex Kepone

Onsite:

SW4 iig/1
SW5

SW5-2/
SW11

SW10

.045

.457/
.500

.483

ND2

06 U/
.818J

ND2

.008J .939

Offsite:

SW6

SW8

ND3

.096

ND2

ND2

Onsite:
SED4 /tg/kg

SS4

SED5

SED5-2/SED11

SED7

SED10

5.9J

6240

905J/1540J

1650J

1050

51.7J

667J

ND/ND4

ND4

58.6J

626 750J

Offsite:

SED6

SED8

SED9

185J

61. 7J

224

8J

ND4

ND4

eay\s\2609a002\03-03-94\01\bms:SAD E N V IRON
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DRAFT jPRTVTLEGED AND CONFIDENTIAL
ATTORNEY WORK PRODUCT

TABLE 62
Mirex and Kepone Data Used in Ecological Risk Assessment

Ruetgers-Nease Chemical Site in State College, PA
(data are from the July 7, 1992 Draft RT Report except as nntedl

SW1C /ig/1

SW2

SW3

SED1 /*g/kg

SC-Benner8

SED2

SC-Park8

SED3

SC-Background

Fl /ig/kg

F2

F3

RMU4"

Mirex

ND3

ND*

110

ND'

Kepone

ND2

ND4

330

ND7

RMUS

Mirex

ND3

42.4J

73.4

ND»

330
170

Kepone

ND2

18.4J

550J
ND7

RMU6
Mirex

ND3

36.9J

26.9J

180
110

Kepone

ND2

48. U

••

500J
ND7

NOTES:

" RMUs are Risk Management Units: RMUl is the 15-acre mowed grassy field southwest of the Site;
RMU2 is the intermittent flow drainage ditch; RMUS is Thorton Spring; RMU4 is Spring Creek
upstream of the Site; RMU5 is Spring Creek downstream of the Site in the Houserville Park area;
and RMU6 is Spring Creek in the Benner Spring Fish hatchery area.

b A = on site, B = offsite
c SS = surface soil, SW = surface water, SED = sediment, and F = fish samples
1 QL = 68
2 QL = 0.13
3 QL = 0.0054
4 QL = 68
s QL = 18.5
* QL = 25
7 QL = 190
8 from Sept. 1992 sediment toxicity program; sample collected immediately downstream from Thornton

Spring.
9 DL = 6.5

eay\s\2609a002\03-03-94\01\bms:SAD ENVIRON
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b) RMU2A
Surface water and/or sediments were collected from the drainage ditch

which is further west and down-gradient from the west corner of the
Ruetgers-Nease ground water treatment building (SW5, SW5-2/SW11 [a
duplicate], SW7, SW10 and SED5, SED5-2/SED11 [a duplicate], SED7,
SED10, and SS4). All of these sample locations are on Ruetgers-Nease
property. Measured levels of mirex in surface water were: .045, .457/.500,
not analyzed, and .483 /ug/L, respectively, and in sediments: 6240, 905/1540,
1650, 1050, and 5.9 /*g/kg, respectively. Measured levels of kepone in
surface water were: ND (DL =.13), .061/.818, not analyzed, and ND (.13)
/xg/L, respectively, and in sediments: 667, ND/ND (68), ND (68), 58.6, and
51.7/xg/kg, respectively.

c) RMU2R
Surface water and/or sediment was also collected from the drainage

ditch downgradient from the Ruetgers-Nease property, along Route 26, and
just prior to its confluence with Spring Creek (SW8 and SED8, SED9, and
SW6 and SED6, respectively). Measured levels of mirex in surface water
were: .096 and ND (DL =.0054) /ig/L, respectively, and in sediments: 61.7,
224, and 185 /ug/kg, respectively. Kepone was not detected in surface water
samples; ND (.13) and ND (.13) jwg/L, respectively. Kepone was detected in
one of the three off-site drainage ditch sediments; ND (68), ND (68), and 8
/xg/kg, respectively.

d) jRMU3
Analysis of surface water collected from Thornton Spring immediately

upstream from the culvert at Pike Street and prior to its confluence with
Spring Creek (SW4) indicated concentrations of kepone (0.939 /*g/l) and mirex
(0.008 /ig/1). Sediment collected from Thornton Spring (SED4) contained
kepone (750 /ag/kg) and mirex (626 jug/kg).

e) jRMU4
Neither kepone nor mirex were detected hi surface water (SW3) or

sediment (SED3) collected from Spring Creek approximately 1,000 feet
upstream from the confluence of Thornton Spring (SW3). Analysis of tissue
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from a lower trophic level fish, the slimy sculpin (Cottus cognatus), from
Spring Creek at the Pike Street Bridge in Lemont (F1L) indicated no
detectable accumulation of either kepone or mirex. The analysis of tissue
from a higher trophic level fish, the brown trout (Salmo trutta), from this
upstream location (F1U), did however, indicate the presence of both kepone
(330 /ig/kg or ppb) and mirex (110 /ug/kg or ppb).

f) RMUS
Kepone and mirex were not detected hi surface water collected from

Spring Creek in the area of Houserville Park (SW2). Sediment analyzed from
this sampling location (SED2) in January 1991 indicated the presence of
kepone (18.4 /ig/kg) and mirex (42.4 /ig/kg). A September 1992 sample
collected in the same location indicated the presence of mirex (73.4 /ug/kg),
but no kepone was detected.

Analysis of slimy sculpin tissue from Spring Creek at Houserville Park
(F2L) indicated concentrations of kepone (550 /eg/kg) and mirex (330 /tg/kg).
Analyses of brown trout tissue from this location found no detectable kepone,
but did find mirex at 170 /ig/kg.

g) RMU6
Kepone and mirex were not detected in surface water collected from

Spring Creek at the Benner Spring Fish Hatchery (SW1). Sediment collected
from this location (SED1) in January 1991 indicated concentrations of kepone
(48.1 /ig/kg) and mirex (36.9 /ig/kg). A September 1992 sample collected in
the same location indicated the presence of mirex (26.9 /ig/kg), but kepone
was not detected.

Slimy sculpin (Cottus cognatus) fish tissue analyzed from this
downstream location (F3L) indicated concentrations of kepone (500 /ig/kg) and
mirex (180 /ig/kg). The analysis of brown trout (Salmo trutta) tissue (F3U)
indicated no detectable kepone, but did indicate mirex (110 /ig/kg).
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2. Potential Exposure Pathways and Receptors

a) Water
Fish, macroinvertebrates, and aquatic plants inhabiting the drainage

ditch, Thornton Spring and/or Spring Creek downstream of where the sources
of chemical constituents enter the stream represent the primary potential
receptors via direct exposure from the water compartment.

b) Sediment
As with the water compartment, fish, aquatic invertebrates, and rooted

aquatic plants represent the primary potential receptors for direct exposure to
chemicals present in sediment.

c) Foodchain
Because of the environmental stability and potential for

bioconcentration and/or bioaccumulation associated with mirex and kepone,
transfer of these chemicals in the foodchain is possible. Examples of dietary
exposure to mirex or kepone through potential foodchain exposure routes are
depicted below:

Aquatic foodchain: water and/or sediment -* invertebrates and/or fish -*
piscivorous fish and/or wildlife

Terrestrial foodchain: soil -» invertebrates and/or plants -*• omnivorous
wildlife -*• wildlife predators

Exposure estimates were calculated for top-of-the-foodchain receptor
organisms representative of each of the dietary exposure pathways outlined
above for which there are applicable toxicity threshold data available
(Figure 14). Exposures were not estimated for plant species because there are
no available toxicity data for mirex and kepone (this is not considered a
significant shortcoming in this assessment because "the plants" are the mowed
grass field which is RMUl). Exposures were not estimated for aquatic
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invertebrates or fish based on dietary intake of mirex or kepone because there
are no toxicity data for these exposure pathways (e.g., levels in fish food or in
fish tissues themselves that are related to specific toxicity endpoints).
Exposures were not estimated for soil invertebrates or omnivorous wildlife
because they do not represent the top of the foodchain where exposure is
expected to be the highest.

d) Receptor Species - Selection
Receptor species are those species that are chosen to represent the

larger biological community in the risk characterization step of the risk
assessment. Selection criteria include: species which can reliably be
considered to be present in the area (whether or not they have actually been
observed); species that have a particular ecological, economic or aesthetic
aspect in the area; and species that can, because of toxicological sensitivity or
potential for varied types and magnitudes of exposure, be expected to represent
the most sensitive populations in the area. There must also be toxicity data
available that are directly applicable or can be reasonably extrapolated to the
receptor species.

Receptor species for this assessment can be separated by RMUs and the
habitats afforded by them.

• RMUl (15-acre field) receptor species include: an insectivorous bird
(the American robin), a raptor (the Northern harrier) and a carnivorous
mammal (the red fox).

» RMU2 (intermittent flow drainage ditch) receptor species include:
general aquatic species (e.g., benthic and/or water column
macroinvertebrates primarily). No piscivorous species were selected as
receptors as it is not likely that the ditch supports any fish or represents
any other significant foodchain source. The on-site (RMU2A) and off-
site (RMU2B) drainage ditch was treated the same with regard to
receptor species.
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• RMU3 (200-foot Thornton Spring) receptor species include sensitive
aquatic species (e.g., macroinvertebrates). No piscivorous species were
selected as receptors as the spring has a very limited foodchain source
value given its small size and the close proximity of Spring Creek.

• RMU4 (upstream Spring Creek near Lemont) receptor species include:
sensitive aquatic species; and the piscivorous Belted Kingfisher (100%
fish diet),Great Blue Heron (fish and incidental sediment ingestion
exposure), and the mink (fish, macroinvertebrate and small mammal
diet).

• RMUS (downstream of Thornton Spring and drainage ditch confluence)
receptor species are the same as RMU4.

• RMU6 (further downstream near Bermer Fish Hatchery) receptor
species are the same as RMU4 and RMUS.

e) Receptor Species - Description
Great Blue Heron (Ardea herodias) - A piscivorous wading bird susceptible to
chemical exposure from consumption of fish and incidental sediment ingestion.
Although the blue heron is a consumer of fish, invertebrates, amphibians,
reptiles, and small mammals (Martin et al. 1951), the assumption is made that
fish is the only biological dietary component. This assumption allows the use
of the measured residue data in fish and sediment which results in a maximum
exposure estimate for this screening-level assessment.

Belted Kingfisher (Ceryle alcyori) - A diving bird which feeds primarily on
fish, although invertebrates, reptiles, and amphibians have been observed in
the diet (Martin et al. 1951). As with the heron, a 100 percent fish diet allows
the use of measured tissue residue data which results in a maximum exposure
estimate for this screening-level assessment.

Mink (Mustela visoril - A predator of both riparian and upknd areas that feeds on
fish, small mammals, invertebrates, and other animal matter (Chapman and
Feldhamer 1982). Its exposure estimate for this screening-level assessment is based
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on consumption of fish, aquatic invertebrates, and herbivorous and insectivorous
small mammals. The fish tissue levels are those measured in the RMU being
assessed; the other dietary components have an estimated level of mirex and kepone
based on bioaccumulation models.

American Robin (Turdus migratorius) - A songbird that feeds upon terrestrial
invertebrates such as the earthworm (Martin 1951). Although a significant portion
(i.e., up to 80% seasonally) of the robin's diet is vegetative matter (Martin et al.
1951), the exposure estimate for this screening-level assessment is based on a 100
percent earthworm diet (earthworm levels of mirex and kepone based on
bioaccumulation estimates from RMUl soils) and on incidental ingestion of RMUl
soil.

Northern Harrier (Circus cyaneus) - A raptorial bird feeding in both wetland and
upland areas. Craighead and Craighead (1969) indicate that this species feeds
primarily on small mammals. Its exposure estimate for this screening-level
assessment is based on a diet of herbivorous and insectivorous small mammal prey
from RMUl (plant and earthworm levels of mirex and kepone based on
bioaccumulation estimates from RMUl soils).

Red Fox (Vulpes Julvd) - A terrestrial predator whose diet includes small mammals,
terrestrial invertebrates, and plant material (Martin et al. 1951). Its exposure
estimate is based on a diet of herbivorous and insectivorous small mammal prey
from RMUl (as for the harrier) and of incidental ingestion of soil from RMUl.

3. Exposure Calculations

a) fish and Aquatic Invertebrates
Exposure levels for fish and aquatic invertebrates are the calculated

reasonable maximum exposure levels (RMEs) based on measured levels of mirex
and kepone in surface water and/or in sediments (Tables 63 and 64). RMEs are the
95th percent upper confidence limit of the mean, or the maximum, which ever is
smaller (USEPA 1992). RMEs are based on samples collected within a particular
RMU; data for more than one RMU were not combined. Measured levels for
duplicate samples were averaged in the RME calculation.
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ĝ/
kg
/d
ay
)

•a
3

£s
l~*t
2|f>
0SS.J2
>•<

1

u

P
«

r— t

V®

cn —i

CN N£3
CN VO

x qJJ §
S'rt 5*>̂

P
So£

S«
0 O

cn —i

^ o
NO — 'vo — '

X S
||

Vi

5
2

-J 0o — <
o o

cn -H

28
cn ""•

x 8

1!

Ss
04

ss
0 0

cn •—

58

M g
||

ca
P

cn

<*-o
u
2
1

•a

1
0

1
T—— t

1

1

01
.2

in 2

o
Z „

z
o

Q
<
CO
•3<a

o

o
3
C-l

ao\
Oo
(N

8R3077Q3



H
fa

1

1

vel
Ed M

Hi
e
Ju

1

2

S'-sU S«M b
|H

Th
re
sh
ol
d

da
y)

tl?

J*
"g
S

1
§*"£w|
?* "Sb_5̂

"eij
|3-
1
-<

he
mi
ca
i

U

p
PS

0 —
0 0

cn '-i

v> """

II
S

}̂*ps

8a
0 0

11

>r> <o
NO P̂
"-1 CN

||

IO
p
2
OS

m >/•>
O CN
0 O

cn —

sg

||

NO

§

X

gen
0 0

cn -H

cn o
28

IIs£

V)

1
cn
^
o
oeo
2
>
<

•c

I
«
o
1
*— (

b

1
in
.2

rX *5
[S
H
O
Z .

z
o

Q
co
niin

O

rn
9
9c)o

o

%

AR307701*



H
fa

ft

•as
o

5o ̂
W if

•̂ 5 c
p̂  ffli

•o§
fe

s
kijl
2 PJQ
Cl ̂ 5
<y M

t*
*•

^

o•w

||

|l

.° H
ca
OS

•o
"3
1

||

"3

1

"3 °o Sii
£H

S ̂
»

S1J=u

pi

2 ̂
99Socn
0 0

goo
CN

O °̂
<* cn

CN Tt
O ON— cn

x g1 s.
2 ̂

^
ps
OS

cn cn
99
it NOcn cn
d d

800
CN

ON CN
cn NOcn ̂ F

ui t-cn 't

«r>̂

5
OS

ON in

99
00 Tf

0 0

Seecs

O ON
oo in

CN •*
ON P~1-1 m

NO
P

52

CN 00CN cn
99
O f-CN cn
d d

800
CN

cn i—
a*

>n CN
•H 00CN Ti-

en

'o
00 x
2 P
> S<oS

1
9ao
o
X

•s
— cn Q^2 ra C

I ™'|
§- at
u § P
S an an

1:1:1
§11
"S u vii) D
4> O O

g TJ TJ

288
w S '§ 'Ic
oz . „ .

1o
«

00 '*

W"*
&52

|̂

1u

tb

2

Sfe-1x $
[i] £
«•*

ty
 T
hr
es
ho
ld

g/
da
y)

*53 ̂
*B b£?*> if
O s^J

H

M

«

x1̂w «
2~" "Mn̂

1̂>

1'S
j=o

CJg
c£h*H

T— «o v^
C) *v °

8f^>s
cn i—

00 f-
cN r-ii— ̂ in

ID

.§ a,s «s

p̂
OS

in
'C

•1'e
o

'So1
s•St!
?̂e
60
in

'•s
| ̂
0z „

z
o
AS

Z

Q
CO

1
o
ON

o
mo
CN
O
O

0

VI

1

AR3Q77G5



H
fa

1
Cg

2«̂5
Ed Z
8^2sieS

.a

1

2

|j
-2H
2

•o1

•£]?
o ̂ 3>
H
"H5

VI

If
If
2
1

Ch
em
ic
al

|
&̂*

S o
d d
V V

II
cn Ĥ
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b) Birds and Mammals
The exposure models and calculations of mirex and kepone exposures

for the 6 receptor species are presented in Appendix N. The mean measured
media concentrations of mirex or kepone in fish, sediment, or soil were
incorporated into the exposure estimates as indicated. These same mean
measured levels were used to estimate tissue levels in earthworms, plants, and
herbivorous and insectivorous small mammals as warranted. Tables 65-70
present the estimated daily dose of mirex or kepone to each receptor species
for each of the RMUs. These exposure estimates are likely to be
overestimates of actual daily exposure. Conservative assumptions include: 1)
the use of maximum proportions of dietary components that would contain
"high levels" of mirex and kepone (e.g., the 100% fish diet of the heron and
kingfisher); and 2) that all of the diet comes from that area with the RME
level of mirex or kepone. A number of the receptor species have foraging
ranges and seasonal behaviors that would very likely take them beyond those
areas that have measurable levels of mirex or kepone (because RMUl is
relatively small, only 15 acres, the actual foraging ranges of the red fox and
northern harrier were used to estimate dietary exposures). The conservative
assumptions and resulting exposure estimates are intended as a screening-level
evaluation which could be refined to be more reflective of the actual site
situation if warranted.

E. Toxicity Thresholds for Mirex and Kepone
In addition to the ecological toxicology data presented in Section D, there are several

published reviews which systematically evaluate the available data and offer conclusions
regarding toxicity thresholds (or safe levels) for mirex and kepone. Thresholds have been
estimated for exposures from water, sediments, and wildlife foodchains.

1. Mirex

a) Water
USEPA (1986c) has established a chronic ambient water quality

criterion (AWQC) of 0.000001 mg/L (one part per trillion) mirex for
freshwater aquatic life. This criterion is based upon an uncertainty factor of
0.01 (or 1 %) applied to the lowest level at which effects were observed on
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sensitive invertebrates including crayfish. The effect was delayed mortality
seen at 0.0001 mg/L mirex. The uncertainty factor is intended to account for
serious sublethal effects and the possibility of more sensitive species than those
tested.

b) Sediment
USEPA (1988c) has proposed a procedure, known as the "equilibrium

partitioning procedure," for using the chronic AWQC and the K̂  value of a
chemical to derive an interim sediment quality criterion for the protection of
aquatic life. These criteria, which are estimated chronic toxicity thresholds,
have been derived by USEPA for only a few organic chemicals; mirex is not
one of them. However, the agency's approach, ||ig||!l|ii||||||l||î|
^̂ ^̂ K̂lISiiiiiSPHiliiPiR' can be applied to mirex to
provide an estimate of a chronic toxicity threshold.

The equilibrium partitioning procedure is based upon the assumption
that the sediment pore water concentration of a chemical is the bioavailable
and potentially toxic fraction for benthic organisms. The sediment pore water
concentration is dependent upon the partitioning of the chemical between water
and sediment organic carbon. The formula for the application of the approach
is as follows:

Sediment Quality Criterion = (AWQC jttg/L)̂ ) / l,000g/kg
in /*g/g carbon

This formula yields an estimated chronic sediment toxicity threshold of 24
fjLg/g carbon for mirex using the 0.001 jiig/L AWQC and a K̂  value of
24,000,000. The 24 /*g/g value is then adjusted to account for the organic
carbon concentration in the sediments under study. For example, at 4 percent
organic carbon, the toxicity threshold value becomes 960 /ig/kg (or 0.96 ppm
mirex) via 24 /wg mirex/gC X 40 gC/kg sediment.

These "interim sediment quality criteria" values are only estimates of
chronic toxicity thresholds in sediments; and, because the approach is based on
USEPA' s acknowledged conservative assumptions, it should be used as a
screening tool rather than as providing definitive criteria for sediment
remediation or other regulatory purposes.
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c) Edible Tissues for Wildlife Foodchains
For the purposes of this assessment, mirex chronic toxicity thresholds

have been developed for wildlife (birds and mammals) that may be exposed via
consumption of food, soils, and/or sediments containing rnirex. The edible
tissue and dietary intake thresholds have been developed using the conservative
assumption that 100 percent of the animal's diet will contain mirex. This
assumption can be modified using Site-specific data as needed.

The threshold estimates should be considered as a screening tool rather
than as definitive criteria for site remediation or other regulatory purposes.
Exceedence of an edible tissue or dietary threshold would suggest that the
potential exists for toxic effects in wildlife. Actual occurrence of effects
would depend on the extent to which individual animals consume food with
residues exceeding the predicted toxicity threshold and the duration of
consumption/exposure.

1) Uncertainty Factors
The thresholds were developed using an uncertainty factor (UF)

scheme developed by Newell et al. (1987) of the New York State
Department of Environmental Conservation for the estimation of fish
flesh criteria for piscivorous wildlife. These UFs are applied to the no-
observed-adverse-effect levels (NOAELs) or to the lowest-observed-
adverse-effect levels (LOAELs) reported in toxicity tests to account for
differences in interspecies sensitivities to a given chemical and for
limitations hi the available experimental data. The Newell et al. UF
scheme is as follows:

Uncertainty Factors (UFs)

Interspecies Adjustment -
• If 3 or more species' NOAELs hi a class exist, UF = 1
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(i.e., the lowest NOAEL can serve as the wildlife estimate NOAEL)
• If 1 or 2 species' NOAELs in a class exist, UF = 0.1

Short-term Versus Long-term Adjustment -
• For chronic studies (i.e., >90 days exposure), UF = 1
• For shorter-term studies (i.e., 30-90 days), UF = 0.1

LOAEL to NOAEL Adjustment -
• For reported NOAELs, UF = 1
• To estimate a NOAEL from a LOAEL, UF = 0.2

2) Bird Chronic Toxicity Threshold
A review of available subchronic and chronic mirex toxicity data

for birds is presented hi Section D.l.d and Appendix K. The edible
tissue chronic toxicity threshold for birds is estimated to be 40 mg
mirex/kg food (ppm) in the diet. This toxicity threshold expressed on a
daily intake basis is 3.6 mg mirex/kg body weight/day.

The edible tissue threshold is based on the study by Kendall et
al. (1978). Kendall et al. exposed bobwhite quail to mirex in feed at
concentrations of 0, 20, or 40 mg/kg (ppm) beginning at 1 day of age
through the grow-out and egg-laying periods. At least 5 breeding pairs
per dose group (F0 generation) were carried through breeding. At 4 bi-
weekly intervals, eggs were incubated. Hatchability and chick survival
were determined. The F0 generation was sacrificed at 36 weeks, and
one replicate of Ft hatchlings receiving dietary mirex was grown out for
investigation of reproductive potential of second generation treatment
birds. Because of predation in the F, generation, only the 1 mg/kg F,
group was carried through breeding. The investigators reported no
treatment-related effects on productivity, on survival of quail embryos
to 3 weeks, egg hatchability, chick survival to 2 weeks, or survival of
the Fl generation through grow-out and egg laying. Again, only the 1
mg/kg FI generation group was available for the egg production phase,
and no problems with embryonation, embryo survival, and hatchability
were detected.
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Given the absence of adverse effects hi any of the treatment
groups, the highest dose level tested in the Kendall et al. (1978) study,
40 mg/kg in the diet, is considered to be the NOAEL. This NOAEL is
consistent with the findings of studies hi other bird species. Hyde
(1972) reported effects on duckling survival at 100 ppm mirex in the
diet, but not at 1 ppm. In other studies of mirex in birds, effects have
been observed only at dietary concentrations above 100 ppm.

An edible tissue threshold for birds was derived from the
NOAEL of 40 mg/kg (ppm) using the UF scheme of Newell et al.
(1987). Because at least three species NOAELs in birds were reported
in the literature, and because the Kendall et al. (1987) study was of
chronic duration (i.e, >90 days) and identified a NOAEL, no
adjustments for uncertainty need to be applied. The edible tissue
threshold therefore remains 40 mg/kg (ppm) hi the diet of birds.

For purposes of the risk assessment, a threshold value in units
of mg mirex per kg bird body weight per day (mg/kg/day) was also
calculated. According to USEPA (1986) (HED, Standard Evaluation
Procedure, Ecological Risk Assessment), the body weight and food
consumption rate for bobwhite quail is 0.17 kg and 0.0152 kg/day,
respectively. The toxicity threshold can therefore be calculated as:

40 mg/kg diet X 0.0152 kg diet/dav = 3.6 mg/kg/day
0.17kg

3) Mammal Chronic Toxicity Threshold
A review of available subchronic and chronic mirex toxicity data

for mammals is presented hi Section D.l.d and Appendix L. Based on
this review, the reproductive toxicity study of Chu et al. (1981) was
selected as the basis for the chronic toxicity threshold. The edible
tissue threshold for mammals is estimated to be 1 mg mirex/kg food hi
the diet. This toxicity threshold expressed on a daily intake basis is 0.1
mg/kg/day for a small mammal.

Chu et al. (1981) fed groups of rats diets containing 0, 5, 10,
20, or 40 mg/kg (ppm) mirex for 13 weeks prior to mating, during a 2-
week mating period, and through gestation and lactation. Toxicity in
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adult females was assessed based on weight gain, hematologic analyses,
serum chemistry, liver enzymes, and histopathology. Pups were
evaluated with respect to body weight (at birth, 4, and 21 days),
survival, and histopathology at 21 days. Adult females at 40 mg/kg
showed a significant decrease hi weight gain. Litter size was
significantly decreased hi all treatment groups, and 21-day pup survival
was affected at 20 mg/kg. Enlarged livers were observed in adults at
40 mg/kg. Histopathological changes in the livers and thyroids of
mothers and pups were observed in all treatment groups, and cataract
formation was reported in pups at 5 mg/kg. The LOAEL in this study
is therefore the lowest dose (5 mg/kg); a NOAEL was not identified.

The Chu et al. (1981) study was selected as the basis for the
toxicity threshold because reproductive endpoints are particularly
relevant to an ecological risk assessment. Other chronic toxicity studies
(summarized in Appendix L), which generally evaluated histopathologic
changes associated with mirex exposure, suggest that the lowest
reported NOAELs are about 1 to 2 mg/kg in the diet, consistent with
the LOAEL in the Chu et al. study of 5 mg/kg.

A chronic toxicity threshold for mammalian wildlife in units of
mg/kg/day was derived from the LOAEL of 5 mg/kg reported in Chu
et al. (1981) using dose conversions (i.e., mg/kg diet to mg/kg body
weight/day) provided in IRIS (1992) and the UF scheme based on
Newell et al. (1987). According to IRIS (1992), the dietary
concentration of 5 mg/kg reported by Chu et al (1981) is equivalent to
a dose of 0.5 mg/kg/day. An interspecies adjustment was not needed
because there are mirex studies for at least 3 species (rats, mice, and
dogs) reported in the literature, and the most sensitive species was used
in the assessment. Because the lowest test dose in Chu et al. (1981)
was a LOAEL, a UF of 0.2 was applied. The resulting chronic
toxicity threshold is:

0.5 mg/kg/day X 0.2 = 0.1 mg/kg/day
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2. Kepone

a) Water
USEPA has not established a water quality criterion for kepone in

either freshwater or marine waters. Consequently, a threshold toxicity value
for kepone in freshwater has been estimated on the basis of the available
aquatic toxicity data presented hi Section D of this chapter.

Buckler et al. (1981) report a chronic NOEC and LOEC for survival of
fathead minnow fry (Pimephales promelas) of 0.31 ppb and 3.1 ppb,
respectively. A maximum acceptable toxicant concentration (MATC) for this
study can be derived by taking the geometric mean of the LOEC and the
NOEC, resulting in a MATC of 0.98 ppb.

Holcomb et al. (1988) regressed toxicity data for 44 aquatic species
(fish, amphibians, and invertebrates) against toxic responses in fathead
minnows and found that the responses of most aquatic species fell within one
order of magnitude from the fathead minnow response. Therefore, an aquatic
chronic toxicity threshold for kepone in aquatic organisms can be calculated by
dividing the fathead minnow MATC of 0.98 ppb by an interspecies
extrapolation factor of 10 to yield a chronic aquatic toxic threshold of 0.1 ppb.

b) Sediment
The same USEPA procedure (i.e., equilibrium partitioning; USEPA

1988c) used to estimate the equivalent of an interim sediment quality criteria
for mirex (see Section F.l.b) was used for kepone.

USEPA (1988c) has proposed a procedure, known as the "equilibrium
partitioning procedure," for using the chronic AWQC and the K^ value of a
chemical to derive an interim sediment quality criterion for the protection of
aquatic life. These criteria, which are estimated chronic toxicity thresholds,
have been derived by USEPA for only a few organic chemicals; kepone is not
one of them. However, the agency's approach, ||||ii|||p;f|i||ip̂
:«*:«w:*:*;.*-;'Xii;ieWtt>»ŵ  * 1 * 1 1 ,$11111̂  can be applied to kepone to
provide an estimate of a chronic toxicity threshold.

The equilibrium partitioning procedure is based upon the assumption
that the sediment pore water concentration of a chemical is the bioavailable
and potentially toxic fraction for benthic organisms. The sediment pore water
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concentration is dependent upon the partitioning of the chemical between water
and sediment organic carbon. The formula for the application of the approach
is as follows:

Sediment quality criterion = (aquatic tox. threshold jng/L)(Koc) / 1,000 g/kg
in /ug/gC

Using the estimated aquatic chronic toxicity threshold of 0.1 /ug/L and
the HSDB (1992) K,c estimate of 2,600 yields an estimated chronic sediment
threshold of 0.26 /xg/gC for kepone. This value is then adjusted to account for
the organic carbon concentration in the sediments under study. For example,
at 4 percent organic carbon, the toxicity threshold value becomes 10.4 /wg/kg
(via 0.26 j«g kepone/gC X 40 gC/kg sediment).

These "interim sediment quality criteria" values are only estimates of
chronic toxicity thresholds in sediments; and, because the approach is based on
USEPA's acknowledged conservative assumptions, it should be used as a
screening tool rather than as providing definitive criteria for sediment
remediation or other regulatory purposes. ||f||!̂̂

lifiiî ^

c) Edible Tissues for Wildlife Foodchains
For the purposes of this assessment, kepone chronic toxicity thresholds

have been developed for wildlife (birds and mammals) that may be exposed via
consumption of food, soils, and/or sediments containing kepone. The edible
tissue and dietary intake thresholds have been developed using the conservative
assumption that 100 percent of the animal's diet will contain kepone. This
assumption can be modified using Site-specific data as needed.

The threshold estimates should be considered as a screening tool rather
than as definitive criteria for site remediation or other regulatory purposes.
Exceedance of an edible tissue or dietary threshold would suggest that the
potential exists for toxic effects in wildlife. Actual occurrence of effects
would depend on the extent to which individual animals consume food with
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residues exceeding the predicted toxicity threshold and the duration of
consumption/exposure.

1) Uncertainty Factors
The thresholds were developed using an UF scheme developed

by Newell et al. (1987) of the New York State Department of
Environmental Conservation for the estimation of fish flesh criteria for
piscivorous wildlife. These UFs are applied to the NOAELs or to the
LOAELs reported in toxicity tests to account for differences in
interspecies sensitivity to a given chemical and for limitations hi the
available experimental data. The Newell et al. UF scheme is as
follows:

Uncertainty Factors (UFs)

Interspecies Adjustment -
• If 3 or more species' NOAELs in a class exist, UF = 1
(i.e., the lowest NOAEL can serve as the wildlife estimate NOAEL)

• If 1 or 2 species' NOAELs in a class exist, UF = 0.1

Short-term Versus Long-term Adjustment -
• For chronic studies (i.e., >90 days exposure), UF = 1
• For shorter-term studies (i.e., 30-90 days), UF = 0.1

LOAEL to NOAEL Adjustment -
• For reported NOAELs, UF = 1
• To estimate a NOAEL from a LOAEL, UF = 0.2

2) Bird Chronic Toxicity Threshold
A review of available subchronic and chronic kepone toxicity

data for birds is presented in Section D.2.d. The edible tissue chronic
toxicity threshold for birds is estimated to be 40 mg kepone/kg food
(ppm) in the diet. This toxicity threshold expressed on a daily intake
basis is 1 mg kepone/kg body weight/day.
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The edible tissue threshold is based on the study by DeWitt et
al. (1962). DeWitt et al. exposed ring-necked pheasants to kepone in
feed at concentrations of 0, 50, 100, or 150 mg/kg (ppm). Birds
exposed to kepone exhibited development of adult female plumage
accompanied by abnormal testes, malformed sperm, and reproductive
failure. The LOAEL in this study was determined to be 50 ppm.

An edible tissue threshold for birds was derived from the
LOAEL of 50 mg/kg (ppm) using the UF scheme of Newell et al.
(1987). Because at least 3 species effect levels in birds were reported
in the literature, and because the Dewitt et al. study was of chronic
duration (i.e., >90 days) and identified a LOAEL, only an adjustment
for LOAEL to NOAEL (0.2) was applied. The edible tissue threshold
is therefore 10 mg/kg (ppm) in the diet of birds.

For purposes of the risk assessment, a threshold value hi units
of mg kepone per kg bird body weight per day (mg/kg/day) was also
calculated. According to personal communication with Curt
Hutchinson (Wildlife International), the maximum weight of tested ring-
necked pheasants is 1.5 kg and the daily dietary consumption rate is 10
percent of the body weight or approximately 0.150 kg. The toxicity
threshold can therefore be calculated as:

10 mg/kg diet X 0.150 kg diet/day = 1.0 mg/kg/day
1.5kg

3) Mammal Chronic Toxicity Threshold
A review of available subchronic and chronic toxicity data for

mammals is presented in Section D.2.d and Appendix M. Based on
this review, the reproductive toxicity study of Good et al. (1965) was
selected as the basis for the chronic toxicity threshold. The edible
tissue threshold for mammals is estimated to be 0.1 mg kepone/kg diet.
This toxicity threshold expressed on a daily intake basis is 0.128
mg/kg/day.

The Good et al. (1965) study was selected as the basis for the
toxicity threshold because reproductive endpoints are particularly
relevant to an ecological risk assessment. Good et al. (1965) found a
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statistically significant reduction hi the reproductive success of mice fed
a diet containing kepone at a concentration of 5 ppm (0.64 mg/kg/day).
The progeny of these exposed mice (F,), when bred, also produced
significantly lower litters than controls. Decreased litter production in
F! mice occurred regardless of whether they were exposed to kepone at
5 ppm or not. The LOAEL in this study is therefore the lowest dose (5
mg/kg) and can also be expressed hi terms of a daily oral dose (0.64
mg/kg/day).

A chronic toxicity threshold for mammalian wildlife was derived
from the LOAEL of 5 mg/kg (0.64 mg/kg/day) using the uncertainty
factor scheme of Newell et al. (1987). An interspecies adjustment was
not needed because there are kepone studies for at least three species
reported in the literature, and the most sensitive species was used in the
assessment. Because the lowest test dose in Good et al. (1965) was a
LOAEL, a UF of 0.2 was applied. The resulting chronic toxicity
threshold is:

5 mg/kg diet X 0.2 = 0.1 mg/kg diet, or

0.64 mg/kg/day X 0.2 = 0.128 mg/kg/day

F. Risk Characterization
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&|i$j{î  • data;
|||f|̂̂

flll!̂ ^
llllill̂

flll̂ ^
IIIIIP̂
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^̂ ^̂ HÎ ^̂ ^̂ ^̂ ^̂ ^̂
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March 1994 923-6112

TABLE 71
QUALITATIVE COMPARISON

OF BENTHIC MACROINVERTEBRATES IN FISHING CREEK AND SPRING CREEK, PA

PLATYHELMINTHES (Flatworms)
Turbellaria
Planariidae

NEMATODA (Roundworms)
ANNELIDA (Earthworms, Leeches)
Hirudinea
Oligochaeta
HYDRACARINA (Water mites)
Hydracarina
DECAPODA

AMPHIPODA (Scuds)
Gammaridae

ISOPODA (Sow Bugs)
Asellidae

PLECOPTERA (Stoneflies)
Perlidae
Allonarcys (?)
Unidentified*

EPHEMEROPTERA (Mayflies)
Baetidae
Heptageniidae
Ephemerellidae
Leptophlebiidae
Ephemeridae

ODONATA (Dragonflies, Damselflies)
Gomphidae

MEGALOPTERA (Alderflies.
Dobsonflies, Fishflies)

Corydalidae
TRICHOPTERA (Caddisflies)

Hydropsychoidea
Hydropsychidae
Rhyacophilidae
Glossosomatidae
Hydroptilidae
Brachycentridae
Limnephilidae
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* This stonefly genus was noted as unidentifiable due to poor sample condition.
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TABLE 71
QUALITATIVE COMPARISON

OF BENTHIC MACROINVERTEBRATES IN FISHING CREEK AND SPRING CREEK, PA
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COLEOPTERA (Beetles)
Elmidae

DIPTERA (Midges, Flies)
Tipulidae
Ceratopogonidae
Simuliidae
Chironimidae
Empididae
Muscidae

GASTROPODA (Snails, Limpets)
Ferrisia
Physa

Planorbidae
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RELATIVE ABUNDANCE
A « Abundant C - Common P » Present

Relative Abundance values for Spring Creek stations 2 and 4 were calculated
by averaging the results from three kick samples taken at each sample point.
Values were categorized according to the following scale:

A->25
C-10-2S
P-1 -10

STATION IDENTIFICATION:
1: Fishing Creek, Loganton, PA, 200 feet downstream of Route 477. (July, 1985)
Data for Fishing Creek was obtained from Appendix F, Benthic Macroinvertebrates Qualitative,
of the July, 1985 PADER study.
2: Spring Creek, at Mile Marker 16.1 upstream from Bald Eagle Creek; in Lemont, 0.5 mile

upstream from PA 26 bridge and Thornton Spring. (July, 1985)
3: Spring Creek, at Route 26 bridge. (September, 1986)
4: Spring Creek, at Mile Marker 15.2 upstream from Bald Eagle Creek; in Houserville,

0.5 mile downstream from PA 26 bridge and Thornton Spring, and 0.5 mile upstream
from Slab Cabin Run. (July, 1985)

5: Spring Creek, at Mile Marker 15.2 upstream from Bald Eagle Creek; in Houserville,
0.5 mile downstream from PA 26 bridge and Thornton Spring, and 0.5 mile upstream
from Slab Cabin Run. (February, 1992)

Data for Spring Creek, stations 2 and 4, was obtained from a Bureau of Water Quality Management Aquatic
Biological Investigation, Spring Creek, Stream File 4.20.3, Centre County, September 1984 - September 1985.
Data for Spring Creek, station 3, was obtained from the September, 1986 PADER study on Spring Creek.
Data for Spring Creek, station 5, was obtained from the February, 1992 PADER study on Spring Creek.
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|i|§f:i|?i|llii]p|i||!||p|ii::ip

1 While there are no similar data for other fish species, neither are there any data to
suggest that other fish species would be more sensitive than trout. In fact, because trout are
carnivores, they have a relatively high potential to be exposed to chemicals that accumulate
through the aquatic foodchain.
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